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La prcscnte invention conccrnc un proce*de\ ainst qu* un dispositif, de 
tubage d' un puits ou d* une canalisation. 

Pour Ic tubage d'un puits de forage p^trolier, ou d'une canalisation, 
notaroment pour le (ou la) consoiider ou sparer, il a deja 6t£ propose des preTormes 
5 tubulaires souples, en forme de manchons radial ement expansibles, par gonflage sous 
TefTet d'une presston interne, et durossables in situ ; de telles preTormes sont destinees a 
are mists en place a P<tat radialement repli6 et/ou non expanse* - 4at dans lequel dies 
possedent un encombrement radial faible -puis a toe devices ct/ou expansees radiale- 
ment par application d*une pression interieure, avant d'etre durcies in situ, notamment par 

10 polymerisation. 

Un systeme de ce type est decrit par exemple dans le document 
WO 94/25655, scion lequel la paroi de la preTorme comprend une armature filamentaire ; 
cetle derniere est formee de fibres tressees, par exemple en carbone ou en verre. le 
tressage autorisant I'expansion radiale et, corrdativeraent. la retraction axiale de 
15 rensembleaucoursdugondage. 

La resine peut *tre une resine de type connu, durcissant sous V effet de la 
chaleur ou sous r effet d'une reaction chimique, par mise en contact avec un durcisscur. 

Le systeme qui fait Tobjet du document precis est consume* d'un outil 
inteneur gonflable - appeld matrice autour duquel la preTorme est tnitialement fixee. Cet 
20 ouul est arrachaWe. Aprcs gonflage et durcissement de la preTorme, qui vient garnir la 
paroi interieure du puits ou de la canalisation, et adherer intimement a cette paroi. Poutil 
peut fctre arracW axialement et retire' du puits ou de la canalisation. 

Le document FR-B-2 737 533 a pour objet un systeme analogue 
perfecu*onn6 t dans lequel une sene de bagues de contention frangibles permet le gonflage 
25 progressif de la preTorme, d'une extremite* a V autre. 

Dans les systemes connus, la resine est incorporee, a Vitot fluide, a 
I' inteneur de la paroi de la preTorme des la fabrication de cette derniere. 
II en resulte un certain nombre d'inoonvenients. 
En premier lieu, elant observe* que la nature dc la resine depend du puits ou 
30 de la canalisation a laquelle la preTorme est destinec, chaque preTorme doit, au moment de 
sa fabrication, fctre adaptee, non seulement sur le plan de ses dimensions, mais aussi sur 
le plan dc la nature de la resine qu'elle contient, au puits ou a la canalisation en question. 

Ceci pose naturellement un probleme de stockage, de gestion des stocks, 
et done de delai d* intervention. 
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En deuxieme lieu, la presence de la resine dans la paroi de la preTorme 
augmente necessaircment lcs dimensions transversales (diametre) de la preTorme 
lorsqu'elle se trouve a lYlat nan gonfte ; ceci va a Penconlre de la recherche d'une bonne 
compacite\ permettant de faire passer la preTorme au-travers de restrictions de petit 
5 diametreau moment desamise en place. 

En troisieme lieu, s'agissant d'une resine thermodurcissable. un stockage 
a temperature ambiante en une longue penode peut entralner le demarrage de la reticula- 
tion. Get avanccmcnt non souhaite* de la regulation peut modifier le comportement de la 
resine, voire metric interdire son utilisation. Pour cela il est necessaire de conserver !e 
10 produit dans un conteneur a temperature control fe, y compris durant le transport, cc qui 
pose bien entendu des problemes pratiques et de coOt de revient 

La presente invention se propose de resoudre ces difficultes. 

Pout cela, Pidee a la base de cette invention est de dissocier la resine de la 
paroi de la preTorme, au moment de sa fabrication, 1* incorporation de la resine dans la 
15 paroi se faisant seulement sur le site, apres que la preTorme ait 6x6 introduite et position- 
nee dans le puits ou la canalisation, en utilisant la pression absolue du puits (ou de la 
canalisation) pour faire migrcr la resine dans la preTorme et eviter toute formation de bulle 
d'air. 

L v invention s'adresse a une preTorme en forme de manchon souple et 
20 radial ement expansible et/ou deniable, du type rapped plus haut, dont la paroi comprend 
une armature filamentaire. 

Le precede* scion ('invention conaste a injecter la resine a Pintcneur de la 
paroi, de telle sorte qu'elle vienne noyer la preTorme, apres mise en place de cette dcrniere 
a P i nteneur du putts, de pre* fcrence apres gonflage et/ou dlpHement de la preTorme. 
25 Le dispositif qui fait Pobjet de Pinvention est remarquable en ce qu'il 

comporte au moins un reservoir contenant une resine fluide durctssable par polymerisa- 
tion, des moyens 6tant prtvus qui permettent d'injecter in situ cette resine dans ladite 
paroi pour en impregner Parmature filamentaire. 

Par ail leu rs, selon un certain nombre de caractenstiques additionnelles, 
30 non limitativesde Pinvention: 

- lesdits moyens d'injection de la resine comprennent un piston refouleur ; 

- lesdits moyens d'injection de la resine comprennent une pompe ; 

- le dispositif comporte un outil dilatateur extractible autour duquel est 
ftxee la preTorme; 
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- 1' armature filamentaire coraprcnd dcs fibres textiles ou mdtalliques, par 
excmple dcs fibres de carbone ou de verre ; 

- ladite porape est adaptcc pour prelever dans le puits ou la ca n a lis a t ioo le 
liquide ambiant pour actionner ledit piston, via un conduit qui est pcurvu d'un dapet anti- 

5 retour; 

- ladite resine est thermodurdssable. 

Dans une variante du disposal", oelui-d possede un reservoir qui cocnporte 
deux compartiments con tenant respectivement une nfsinc durassaWe par reaction 
chimique et un durcisseur ou catal yseur auqud rcagit cette resine, des moyens pennettant 
10 l'injection simultanec de ces deux composants dans la paroi de la preTorme. 

Sdon une caractenstique addiuonndle de Invention, le reservoir - qu*il 
possfcde un ou plusteurs compartiments - est independant de la preTorme et de son 
sysieme de gonflagc, des moyens de connexion pennettant leur assemblage mutud avant 
introduction dans le puits ou la canalisation. 
15 Sdoo une autre caractenstique, il est prevu au moins une soupape, a 

travers laqudle se fait I* injection de la resine. Sa fonction est de rfguler la pression 
diff6rcnudle entre I 'armature filamcntaire et V interieur du puits ou de la canalisation 

Dans le cas oft on a affaire a un outil dilatateur extractiWe, ledit reservoir 
avantageusement, est fixe' a cet outil, de sorte qu'il est egalement retire* en meme temps 
20 que ce dernier en find* operation. 

De preference ce reservoir a une forme generate tubulairc, ct il est fixe* 

coaxialement a I' une des extremites de I' outil dilatateur. 

D'autrcs caractenstiques et avantages de Tinvcntion apparattront de la 
description et des dessins annexes qui en representent a titre d'exemple non limitatif. un 
25 mode de realisation preTere\ Sur les dessins : 

- la figure 1 est une vue generate schematique d*un dispositif conforme a 

I'invention ; 

- la figure 2 represente la preTorme et son outil dilatateur, la partie 
supeneure de la figure *tanl representee en coupe axiale et la partie infeneure &ant 

30 representee "epluchee" ; 

- la figure 3 est une section transversale correspondant au plan de coupe 

Hi-Hide la figure 5; 

- | a figure 4 est une vue en coupe axiale montrant le dispositif introduit 
dans une canalisation, en vis-a-vis d'une portion de cette derniere qui possede une paroi 

35 ddtenoree, par excmple percec, et qu'on souhaite tuber ; 
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- (a figure 5 est unc vuc cn coupe axiale de la portion d'extrfmM distalc 
- en r occurrence Pextiemite* basse - du dispositif ; 

- les figures 6 ft 9 sont des vues similaires ft la figure 4, qui montrent les 
dfferentes tapes du processus de tubage ; 

5 - la figure 10 est une vue schemanque en coupe axiale similairc a la figure 

5, qui roontre une variante du dispositif. possedant un reservoir ft deux compartiments. 

Le dispositif 1 illustrf sur les figures 1 a 5 comprend unc prcforme 1 
solidaire <T tin outil dilatateur 10. qu'elle entoure. 

On a design* par les references 10a ct 10b les portions d'extremites 
10 tronconique de r outil. Cet outil est un manchon tubulaire a membrane souple el ciastique 
contenant un canal central longitudinal 100 dans lequel U est possible d'introduire un 
fluide sous pression, soit depuis la tete de puits, soit par pompage du liquide present dans 

le puits ou la canalisation. 

La parai de la prcforme est constitute de deux couches tubulaires 
15 concentriques 11. 12. La couche exterieure 12 est unc peau externe en materiau elasto- 
mere elastique. La couche 1 1 , emprisonnee entre la couche exterieure 12 ct Poutil 10 - qui 
consti tue en quelque sorte la peau interne - est par exemple un tressage de fibres de 
car bone. 

On a design* par la reference 2 1' outil de pose ; cet outil contient les 
20 differents instruments dectroniques de contrWc de 1* operation ct. le cas echeant. la pompe 
de gonflage de Poutil dilatateur. 

Cet outil est fix6 a la portion d'extremitd ptoximale 10a du dispositif - en 
1' occurrence son extremis haute si on a affaire ft un puits ou une canalisation de direction 
verticale. ou ayant une composante vertical c 
25 De maniere bien connuc, Pensemble du dispositif est suspendu a une tige 

20 ; il s'agit d'une tige tubulaire destinee a 6tre reliec ft un apparcillagc situ6 en tete de 
puits qui pennet d'introduire et de faire descendre P ensemble dans le puits ou la 
canalisation et de les reraonter ft P exception de la prcforme en fin d'operation. La tige 
tubulaire 20 contient les differents conducteurs electriques et eventudlement conduits de 
30 fluide appropries qui permettent la liaison du dispositif avec la tete de puits. 

L'extremitd distale 10b est reliec de maniere amovible ft un reservoir 
tubulaire 3 ft V interieur duqud pcut coulisser axialement un piston 4. 

Le reservoir 3 se prolonge vers le bas par un organe de liaison 6 auqucl est 
fixee une pompe 5. II s'agit d*une pompe electrique connectee par des conducteurs, non 
35 rtprcsentes. qui peuvent passer ft travers le corps de Poutil 10, * Poutil de pose 2. 
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La pompe 5 est adaptle pour pr&ever a rintlrieur du puits oudcla 
canalisation le liquide ambiant - par exempte dcTcauoudu p6tn>le - pour le rtfouler dans 
le reservoir 3, en-dessous du piston 4, via un canal longitudinal 60 form6 dans l'organe 

6. 

Le canal 60 communique avec I'extlrieur par un clapet anti-retour 61 ; 
celui-ci est orients de manifcre a permettre le passage du fluide present dans le puits ou la 
canalisation vers le canal 60 si la pression ext&ieurc est sup£rieure a la pression rdgnant 
dans ce canal ; i! ne permet pas, en revanche, P6chappement du fluide du canal 60 vers 
I'ext&ieur. 

Sur la figure 5 on a d6dgja6 par la rti&ence 40 des joints d^tanchtite 
annulaires entourant le piston 4 ; ils autoriseot le coulissement axial 6tanche du piston k 
I'intlrieur de la paroi cylindrique SO du reservoir 3. 

Sur cette mSmc figure, on notcra la presence d'un collier de serfage 16, 
qui assure la retenue du reservoir 3, et des dlments 6 et 5 dont il est solidaire, a 

I'extr&nitl du dispesitif 1. 

On a d&igrrf par la rdffrence 3 1 la paitie sup6rieure du reservoir 3. Celle- 
ci possfede une portion d'extrfmit* 3 10 qui est emmancWe a force dans un renfoncement 
de paroi 10c form6 a l'extrtmitl basse de 1' outil dilatateur 10 ; cette liaison est confort^e 
par la presence du collier 16 pr6dt£ 

La partie 3 1 bouche hermltiquement rextr6mit£ inf&ieure du canal central 
100 de 1'ouuL Cette partie 3 1 est perc6e par des canaux longitudinaux 32. En vis-a-vis de 
chacun des canaux 32 - dont Tun settlement est visible sur la figure 5 - la paroi de Toutil 
10 est perde d'un canal similaire 14 qui se prolonge par une gorge 15 - visible sur la 
figure 3 - bordant axialement la couche fibreuse annulai re 1 1 . 

Dans Texemple illustre il est prtvu trois ensembles de canaux 32, 14 et de 
gorges 15, rtgulifcrement rtpartis a 120*. Un nombre different peu naturellement fctre 
prdvu. Ces passages permettent d'alimenter en lysine la couche 11 a partirdu reservoir 3 
et de rfpartir con v enablement la rfsine au sein de la couche 1 1 de manifere a bien en 
impr£gner P armature filamentaire constitutive de cette couche. 

Les canaux 32 sont pourvus d'une soupape antiretour 320 a tarage 
rdglable, qui autorise I'&happement contrite de la rfsine hors du reservoir, et interdit un 
passage en sens inverse. 

Corame le montre plus particulifcrement la figure 1, les parties 2, 1. 3, 6 et 
5 proiongent coaxialement, vers le bas, la tige tubulaire 20, ceci sous une dimension 
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transversa^ faible, ia plus grande dimension transversale corrcspondant au diametre de la 
partic 1. 

Cc diametre est bien entendu fonction du diametre du puits ou de la 
canalisation a tuber. 

5 A titre indicatif, s'il s'agit d'unc canalisation ayant un diametre de 

160 mm, le diametre initial de la partie 1 , a I* Oat degonfW est par exemple de T ordre de 
60 a 100 mm. 

La longueur de la partic 1 depend de la longueur de la zone h tuber. 
Toujours a titre indicatif, cette longueur est comprise entre quelques metres 

10 et quelques dizainesde metres. 

Initialement, le dispositif 1 est fabriqufet tivrf decoruTecte* du reservoir 3. 
La structure 1 1 n'est done pas impregnee de resine. Elle se trouve a la 

pression atmosphenque. 

Le reservoir contient initialement la dose voulue de resine 7, a l^tat fluide. 
15 II s'agi t par exemple d' une resine polymensable a chaud. Le piston 4 se trouve dans sa 

en appui centre 1* clement 6 (position de la figure 5). 
II est done possible, en fonction des comrnandes et des besoins, d'associer 
a un dispositif 1 difTerents reservoirs con tenant des resines de nature et/ou de volume 
diffettnts. 

20 Le reservoir 3 peut fctre conserve* a Tabri de la chaleur, dans un conteneur 

appropri* thermiquement isole\ voir rffriger6 ; en revanche, rensemNe constitud par la 
preTorme et Foutil dilatateur peut 8trc conserve a temperature ambiante. 

La connexion du reservoir 3 (et des dements 6 et 5 dont il est solidaire) a 
Pextremiu* distale du dispositif 1 se fait sur le site, avanl mise en place de la preTorme 
25 dans le puits ou dans la canalisation, ceci apres emboTtement de la partie 31 dans la partie 
10 et mise en place du collier 16. 

Dans Texemple illustrt, il s'agit de tuber une canalisation cylindrique 
verticale C dont une zone Z est d&enoree (voir figure 4). 

On commence par introduce et fairc descendre Fensemble dans la 
30 canalisation C, en correspondance avec la zone Z. 

Generalement, un liquide est present a Pinterieur de la canalisation, par 
exemple du peTrde, s'il s'agit d'une canalisation p&rolierc. 

Par suite du differentiel de pression negative qui regne entre la couche 
fibreuse 1 1 et ce liquide, cc dernier peut pen&rer via le clapet anti-retour 61 dans le canal 
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60 cl rcpousscr 1c piston 4 vers Ic haul, chassant unc certaine quantity dc rdsine & 
rintdricur dc la couchc 11 paries canaux 14 ct ies gorges 15. 

Cet apport initial de r&ine, sous Tcffct dc la pression ambiante, est 
gln&alement compris entre 0 ct 30% du volume de r6sine 7 iniualement contcnu dans le 
5 rfservoir. 

Ce volume est fonction de la valeur dc taragc des soupapes 320 ainsi que 
de la structure de P armature 1 1. 

II convient de noter que lors de l f introduction du dispositif dans la 
canalisation, et pendant la descente. la pression du liquide qui s'y trouve augmente, ce 
10 qui ct6c un difl&enud de pression croissant entre la structure et le liquide. Ce dif fcrenticl 
nfgatif est maintcnu via la soupape 320. 

On opfcrc ensuitc le gonflage de la prdformc, de manifcrc connue, par 
amende d'un fluide sous pression P & Pint6rieur du canal 100. 

L'outil ou la prdforme sont avantagcusemcnt raunis de bagues frangibies 
15 comme cela est enseignd par le FR-B-2 737 533 pricit*. Ainsi lc gonflage se fait 
progressi vement du bas vers le haut de la prdbrme (comparer les figures 6 et 7). 

De pnffdrence, des reliefs resultant de rainures annulaires 120 pr£vues 
dans les portions d'extrfmit* de la peau externe 12 assurent un bon ancrage de la 
pnfforme centre la parol interne de la canalisation C pendant le gonflage. 
20 Bien entendu, par suite de ce gonflage, on observe une retraction de la 

prtf orme dans la direction axiale (raccourctssement). 

L* injection de rfsine se fait it la Tin du gonflage. 

Pour cela, on met en marche la pompe 5 (via un systfcme de commande 
incorpor* dans la partie 2). Celle-ci prflfcve le liquide ambiant present dans la canalisation 
25 C, et la refoule dans le reservoir 3, sous le piston 4. 

Ce dernier est done repoussl vers le haut (ffechc F, figure 7), refoulant k 
son tour la totality de la rtsine 7 dans la couchc fibreusell. 

Le durcissement de la rfsinc peut alors s'op&er, par apport de chaleur. 

Comme expliqud dans le WO 94/25655. ce chauffage peut se faire 
30 notamment par cf fet Joule, certains des fils constituant le tressage de la couche 1 1 6tant 
des fils chauffants qui sont aliments en Anergic dectrique k partir de l'outil de contnMe 2. 

Une fois termini le durcissement, on d€gonfle Toutil. ct on Tcxtrait de la 
pnffonne durcie, qui reste adherer & la canalisation C, comme cela a 6x£ dtoit dans lc 
document AtjkdvL 
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Lc reservoir de la figure 10 se distingue cssentiellement de celui qui vient 
d'etre d6crit par lc fait qu'il comportc deux compartments paralltles 34a, 34b, contenant 
chacun un piston mobile 4a, respecti vement 4b. 

Le reservoir 34a contient une resine 7a dont ie durcissement s'opfere par 
5 reaction chimique lorsqu'elle est melangce & un composant rcactif (diircisseur ou 
catalyscur) 7b contenu dans le reservoir 34b. 

Le canal 60 reliant la pompe 5 au reservoir 3 presente une bifurcation dont 
les branches 60a. 60b sont associees, respectivement, aux pistons 4a, 4b ; les canaux de 
sortie 32a, 32b de chaque reservoir se rejoignent pour former le canal de sortie 32 qui se 

10 raocorde au canal 14 precite\ 

On comprend ainst que lorsque les pistons 4a et 4b sont deplaces vers le 
haut sous Peffet du liquide provenant du dapet 61 ou de la pompe 5, ils refouient 
siraultanement la resine et le durcisseur, le melange de ces deux composants *tant 
distribul dans la couche 1 1 pour impregner V armature filarnentaire. 
15 Le durcissement s'opere done apres injection de ces deux composants. La 

reaction peut fctre activee par un apport de chaleur fourni par Toutil de pose, ou par la 
seule temperature du puits. 

En revanche tant que les deux composants sont i sol 6s dans leur comparti- 
ment respecti f, il n*y a aucun risque de reaction mutuelle et, par consequent, il nese pose 
20 pas de probleme lid au vieillissement de la resine, ni au stockage du reservoir. 

On ne sortirait pas du cadre de Ptnvention en prcvoyant un disposiuf 
equips d'une pompe apte i servir h la fois au gonflagc de la prtformc et & I' injection de la 
resine. 

Par ailleurs, il serait possible de fixer le reservoir * 1' extremity proxirnale, 
25 c'est-&-dire en parte suptaeure de la prtforme, et non a son extremity distale. 

Enfin, dans le cas d'une lysine therraodurcissable, il n'est pas toujours 
n&essaire que le dispositif comporte des moyens de chaufTage ; dans certains cas e'est la 
temperature du puits elle-m£me qui suf fit pour opercr la polymerisation. 
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REVENDICATIONS 

1 . Procede de tubagc d'un puits ou d'une canalisation (C) au moycn d* une 
preTorme en rormc de manchon souplc ct radialemcnt expansible el/ou depliable. par 
gonflage sous reflet d'une pression interne (P), et dont la paroi comprend une armature 
filamentaire (11) noyee dans une resine fluide (7) durcissable in situ par polymerisation, 
5 caractense par le fait qu'on injecte cette resine (7) dans ladite paroi egalement in situ, 
apres mise en place de la preTorme & V i nterieur du puits ou de la canalisation (C). 

2 . Precede scion la levendication 1, caractense par le fait qu'on injecte la 
rtsine apres gonflage et/ou ddpUemcnt de la pftTorme. 

3 . Dispositif de tubage d'un puits ou d'une canalisation (C) au moyen 
10 d'une preTorme en forme de manchon souple et jadialement expansible. gonflaUe sous 

Peffet d'une pression interne (P), et dont la parot comprend une armature fllamentaire 
( 1 1), caractense par le fait qu'il comporte au moins un reservoir (3) contenant une resine 
fluide (7) durcissable par polymerisation, des moyens (32 ; 14) etant privus qui 
permettent d' injecter in situ cette resine (7) dans ladite para pour en imprfgner P armature 

15 filamentaire (7). 

4 . Dispositif selon la revendication 3, caractense par le fait que lesdits 
moyens d'injection de la resine (7) comprennent un piston refouleur (4). 

5 . Dispositif selon 1' une des revendications 3 ou 4. caractense* par le fait 
que lesdits moyens d'injection de la resine comprennent unc pompe (5). 

20 6 . Dispositif selon V une des revendications 3 & 5, caractense* par le fait 

qu'il comporte un outil dilatateur extractive ( 10) autour duquel est fixee la pitTorme. 

7 . Dispositif selon Tune des revendications 3*6. caractense par le fait 
que r armature filamentaire (1 1) comprend des fibres textiles ou mltaHiques. 

8 . Dispositif selon ies revendications 4 et 5 prises en combinaison, 
25 caractens^ par le fait que ladite pompe (5) est adaptee pour prtlever dans le puits ou la 

canalisation le liquide ambiant et pour actionner ledit piston (4), via un conduit (60) qui 

est pourvu d'un dapet antiretour (61). 

9 . Dispositif selon Tune des revendications 3 & 8, caractense* par le fait 

que ladite resine est thermodurcissable. 
30 1 0 . Dispositif selon Tune des revendications 3*8, caractense par le fait 

que ledit reservoir (3) comporte deux compartments (34a, 34b) contenant respectivement 
une resine (7a) durcissable par reaction chimique et un durcisseur ou catalyseur (7b) 
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auquel rdagit cette rfsine. dcs moycns (5 ; 4a ; 4b ; 32a, 32b ; 32 ; 14) pcnnctlant 
I'injection siraultan6c dc ccs deux composants dans la paroi dc la prffonnc. 

1 1 • Dispositif scion Tunc dcs revendicatioas 3 a 8,caract6ris6 par lc fait 
que le reservoir (3) est tndlpendant de la prtforme ct de son systfeme de gonflage, des 
5 moycns de connexion (31, 10C, 16) permettant lew assemblage mutuel avant introduc- 
tion dans le puits ou la canalisation (C). 

1 2. Disposilif selon Tune des revendications 3 a 8, caxact£ris6 par le fait 
qu'il comporte au moins une soupape (320) a travers laquelle se fait Tinjection de la 
rtstne. 

10 13. Dispositif selon les revendications 6 ct 1 1 prises en combinaison, 

caractfrisl par le fait que ledit reservoir (3) est fix* audit outil dilatateur extractiHc ( 10). 

1 4. Dispositif scion la revendication 12, caractlrisl par le fait que ledit 
reservoir (3) a une forme gln&ale tubulaire, et est fix€ coaxialement a Tune des 
extr^mit& dc Toutil ( 10). 
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54. METHOD AND DEVICE FOR CASING A WELL OR A CONDUIT 



57. The casing is accomplished by means of a 
flexible sleeve-shaped preform that is radially 
expandable and/or unfoldable by inflation under the 
effect of an internal pressure, the wall of which has 
a filament reinforcement (11) embedded in a fluid 
resin (7) that can be cured in situ by 
polymerization. 

According to the invention, the injection of the 
resin in the wall is also done in situ , after 
positioning the preform inside the well or 
conduit (C). 
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The present invention concerns a method and a device for casing a well or a conduit. 

For the casing of an oil well, or a pipe, particularly for strengthening or repairing the oil well or 
conduit, flexible tubular preforms have already been proposed that are sleeve-shaped, are radially 
expandable by inflation under the effect of an internal pressure and are curable in situ ; such preforms are 
5 intended to be positioned in the radially folded and/or unexpanded state - state in which they have a small 
radial dimension - then unfolded and/or radially expanded by application of an interior pressure before 
being cured in situ, particularly by polymerization. 

A system of this type is described for example in the document WO 94/25655, according to 
which the wall of the preform has a filament reinforcement; this reinforcing is formed from braided 
1 0 fibers, of carbon or glass for example, the braiding allowing the radial expansion, and correlatively, the 
axial shortening of the assembly during inflation. 

The resin can be a known type of resin, curing under the effect of heat or a chemical reaction, by 
being placed in contact with a hardener. 

The system that is the subject of the above-mentioned document is composed of an inflatable 
1 5 interior tool - called matrix - around which the preform is initially attached. This tool is extractable. After 
inflation and curing of the preform, the purpose of which is to line and adhere tightly to the interior wall 
of the well or conduit, the tool can be extracted axially and removed from the well or conduit. 

The purpose of document FR-B-2 737 533 is a similar, improved system in which a series of 
breakable restraining rings makes it possible to inflate the preform progressively from one end to the 
20 other. 

In known systems, the resin is incorporated, in fluid state, inside the wall of the preform when the 
preform is manufactured. 

This results in a number of disadvantages. 

In the first place, because the nature of the resin depends on the well or conduit for which the 
25 preform is intended, when each preform is manufactured it must be adapted - not only with respect to its 
dimensions, but also to the nature of the resin it contains - to the well or conduit in question. 

This naturally poses a problem of storage, inventory management, and therefore service response 

time. 
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In the second place, the presence of the resin in the wall of the preform necessarily increases the 
transverse dimensions (diameter) of the preform when it is in its uninflated state. This runs counter to the 
search for good compactness to allow the preform to pass through restrictions of small diameter when it is 
being positioned. 

5 In the third place, because a heat-setting resin is involved, storage at ambient temperature for a 

long period of time can cause cross-linking to begin. This undesirable promotion of cross-linking can 
change the behavior of the resin and can even make it unusable. It is therefore necessary to preserve the 
product in a temperature-controlled container, including during transport, which obviously poses practical 
as well as production cost problems. 

1 0 The present invention proposes to resolve these difficulties. 

To accomplish this, the basic idea of this invention is to dissociate the resin from the wall of the 
preform when the preform is being manufactured, the resin only being incorporated into the wall on site 
after the preform has been inserted and positioned in the well or conduit, by using the absolute pressure of 
the well (or conduit) to cause the resin to migrate in the preform and prevent the formation of air bubbles. 

15 The invention concerns a flexible sleeve-shaped preform that is radially expandable and/or 

unfoldable, of the type considered above, the wall of which has a filament reinforcement. 

The method according to the invention consists of injecting the resin into the interior of 
the wall so that it floods the preform, after said preform has been positioned inside the well, preferably 
after the inflation and/or unfolding of the preform. 

20 The device according to the invention is noteworthy in that it comprises at least one reservoir 

containing a fluid resin curable by polymerization, means being provided that enable this resin to be 
injected in situ into said wall in order to impregnate the filament reinforcement. 

Moreover, according to a number of additional, non-limiting characteristics of the invention: 

- said means of injecting the resin include an extruder piston; 
25 - said means of injecting the resin include a pump; 

- the device has an extractable expansion tool around which the preform is attached; 



3 



2780751 



- the filament reinforcement is composed of textile or metallic fibers, for example carbon or glass 

fibers; 

- said pump is suitable for withdrawing the ambient liquid in the well or conduit in order to 
operate said piston, via a duct fitted with a non-return valve; 

5 - said resin is heat-setting. 

In one variant of the device, it has a reservoir with two compartments containing, respectively, a 
resin that is curable by chemical reaction, and a hardener or catalyst to which this resin reacts, means 
enabling the simultaneous injection of these two components into the wall of the preform. 

According to an additional characteristic of the invention, the reservoir - whether it has one or 
10 more compartments - is independent of the preform and its inflation system, connection means making 
possible their mutual assembly prior to insertion into the well or conduit. 

According to another characteristic, it is provided with at least one valve through which the resin 
is injected. Its function is to regulate the differential pressure between the filament reinforcement and the 
interior of the well or conduit. 

15 When an extractable expansion tool is involved, said reservoir is advantageously attached to this 

tool so that it is withdrawn at the same time as the tool at the end of the operation. 

This reservoir preferably has a generally tubular shape and is coaxially attached to one end of the 
expansion tool. 

Other characteristics and advantages of the invention will appear from the description and 
20 attached drawings that represent a preferred embodiment thereof, by way of non-limiting example. In the 
drawings: 

- Figure 1 is a diagrammatic general view of a device according to the invention; 

- Figure 2 represents the preform and its expansion tool, the upper part of the figure being 
represented in axial cross section and the lower part being a "layered" representation; 

25 - Figure 3 is a transverse cross section corresponding to the cross-sectional plane Hi-Ill of Figure 

5; 

- Figure 4 is an axial cross-sectional view showing the device inserted into a conduit, opposite a 
portion thereof that has a damaged wall, punctured for example, and is to be cased; 
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- Figure 5 is an axial cross-sectional view of the distal end portion - in this instance the lower 
end - of the device; 

- Figures 6 to 9 are views similar to Figure 4, showing the different stages of the casing process; 

- Figure 10 is a diagrammatic view in axial cross section similar to Figure 5, which shows one 
5 variant of the device having a reservoir with two compartments. 

The device 1 illustrated in Figures 1 to 5 is composed of a preform 1 integral with an expansion 
tool 10, which it surrounds. 

References 10a and 10b designate the truncated end portions of the tool This tool is a tubular 
sleeve of flexible and elastic membrane containing a central longitudinal channel 100 in which a fluid 
1 0 under pressure can be introduced, either from the wellhead or by pumping the liquid present in the well or 
conduit. 

The wall of the preform is composed of two concentric tubular layers 1 1, 12. The outer layer 12 is 
an external skin made of elastic elastomer material. The layer 11, enclosed between the outer layer 12 and 
the tool 10 - which constitutes a sort of internal skin - is for example made of braided carbon fibers. 

1 5 Reference 2 designates the installation tool; this tool contains the various electronic instruments 

for controlling the operation and, when applicable, the inflation pump of the expansion tool. 

This tool is attached to the proximal end portion 10a of the device - in this instance its upper end, 
if the well or conduit is vertical or has a vertical component. 

In a well known manner, the device's assembly is suspended from a shaft 20. This shaft is tubular 
20 and is intended to be connected to equipment located at the wellhead to insert and lower the assembly into 
the well or conduit, and to lift it back out, minus the preform, at the end of the operation. The tubular 
shaft 20 contains the different electrical conductors and possibly appropriate fluid ducts for connecting 
the device to the wellhead. 

The distal end 10b is removably connected to a tubular reservoir 3 inside which a piston 4 can 
25 slide axially. 

The reservoir 3 is extended downward by a connection component 6 to which a pump 5 is 
attached. This is an electric pump connected by wires, not represented, that can pass through the body of 
the tool 10 to the installation tool 2. 
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The pump 5 is suitable for removing the ambient liquid - for example water or oil - from the 
interior of the well or conduit, in order to force it into the reservoir 3, below the piston 4, via a 
longitudinal channel 60 formed in the component 6. 

The channel 60 communicates with the outside by a non-return valve 61. This valve is oriented so 
5 as to allow the passage of the fluid present in the well or conduit toward the channel 60 if the external 
pressure exceeds the pressure present in the channel; by contrast, it does not allow the escape of the fluid 
from the channel 60 to the outside. 

In Figure 5 the reference 40 designates annular seal rings around the piston 4. They permit the 
sealed axial sliding of the piston inside the cylindrical wall 30 of the reservoir 3. 

10 In this same figure, the presence will be noted of a clamp 16 that holds the reservoir 3, and the 

parts 6 and 5 with which it is integral, to the end of the device 1 . 

The reference 31 designates the upper part of the reservoir 3. This part has an end portion 310 
that is force-fitted into a wall recess 10c formed at the lower end of the expansion tool 10; this connection 
is reinforced by the above-mentioned clamp 16. 

15 The part 31 hermetically seals the lower end of the central channel 100 of the tool. This part 31 

has longitudinal channels 32 that pass through it. Opposite each of the channels 32 - only one of which is 
visible in Figure 5 - the wall of the tool 10 has a similar channel 14 passing through it, which channel is 
extended by a groove 15 - visible in Figure 3 - axially bordering the annular fibrous layer 1 1 . 

In the example illustrated, three sets of channels 32, 14 and grooves 15, evenly distributed at 
20 120°, are provided. Naturally, a different number can be provided. These passages make it possible to 
supply the layer 1 1 with resin from the reservoir 3 and to distribute the resin properly in the layer 1 1 so as 
to impregnate the filament reinforcement that comprises this layer. 

The channels 32 are provided with an adjustable rate non-return valve 320, which allows the 
controlled escape of the resin from the reservoir, and prevents passage in the opposite direction. 

25 As is shown more particularly in Figure 1, the parts 2, 1, 3, 6 and 5 extend the tubular shaft 20 

coaxially downward, with a smaller transverse dimension, 
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the largest transverse dimension pertaining to the diameter of part 1. 

This diameter, of course, is a function of the diameter of the well or conduit to be cased. 

By way of example, if a conduit is involved that has a diameter of 160 mm, the initial diameter of 
the part 1, in deflated state, is for example on the order to 60 to 100 mm. 

The length of the part 1 depends on the length of the area to be cased. 

Again by way of example, this length can be between a few meters and several tens of meters. 

Initially the device 1 is manufactured and delivered disconnected from the reservoir 3. 

The structure 1 1 is therefore not impregnated with resin. It is at atmospheric pressure. 

The reservoir initially contains the desired amount of resin 7, in fluid state. For example, this can 
be a heat-setting resin. The piston 4 is in its lowered position resting against the component 6 (position as 
in Figure 5). 

It is therefore possible, depending on the orders and needs, to associate different reservoirs with a 
device 1, these reservoirs containing resins of different type and/or volume. 

The reservoir 3 can be kept away from heat, in an appropriate thermally-insulated container, or 
even refrigerated. In contrast, the assembly composed of the preform and the expansion tool can be kept 
at ambient temperature. 

The connection of the reservoir 3 (and of the components 6 and 5 with which it is integral) at the 
distal end of the device 1 is made on the site, before placing the preform in the well or conduit, after 
fitting the part 3 1 into the part 10 and installing the clamp 16. 

In the example illustrated, a vertical cylindrical conduit C is to be cased, one section Z of which 
is damaged (see Figure 4). 

The assembly is first inserted and lowered into the conduit C until it is aligned with the section Z. 

Generally, a liquid is present inside the conduit, oil for example, if it is an oil conduit. 

As a result of the negative pressure differential between the fibrous layer 1 1 and this liquid, the 
liquid can penetrate through the non-return valve 61 into the channel 
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60 and push the piston 4 upward, forcing a certain amount of resin inside the layer 1 1 by the channels 14 

and the grooves 15. 

This initial amount of resin, under the effect of the ambient pressure, is generally between 0 and 
30% of the volume of resin 7 initially contained in the reservoir. 

5 This volume depends on the rate at which the valves 320 are set, as well as on the structure of the 

reinforcement 1 1 . 

It should be noted that during the insertion of the device into the conduit, and during its descent, 
the pressure of the liquid contained therein increases, thus creating an increasing pressure differential 
between the structure and the liquid. This negative differential is maintained via the valve 320. 

10 The preform is then inflated, in a known way, by feeding a fluid under pressure P into the channel 

100. 

The tool or the preform are advantageously fitted with breakable rings, as indicated in the above- 
mentioned FR-B-2 737 533. Thus, the inflation is done progressively from the bottom to the top of the 
preform (compare Figures 6 and 7). 

15 Preferably, bulges resulting from annular grooves 120 made in the lower portions of the outer 

skin 12 provide a good anchoring of the preform against the inner wall of the conduit C during the 
inflation. 

Of course, following this inflation, there is a retraction of the preform in the axial direction 
(foreshortening). 

20 The injection of resin is done when the inflation is completed. 

To do this, the pump 5 is started (by a control system incorporated in the part 2). This pump 
removes the ambient liquid present in the conduit C and forces it into the reservoir 3, under the piston 4. 

This piston is therefore pushed upward (arrow F, Figure 7), in turn forcing all of the resin 7 into 
the fibrous layer 1 1 . 

25 The curing of the resin can then be done by providing heat. 

As explained in WO 94/25655, this heating can be done in particular by the Joule effect, some of 
the wires comprising the braided layer 1 1 being heating wires that are fed with electrical energy from the 
control tool 2. 

When the curing is completed, the tool is deflated and extracted from the hardened preform, 
30 which remains fast against the conduit C, as described in the above-mentioned document. 
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The reservoir in Figure 10 is distinguished essentially from the one just described, by the fact that 
it has two parallel compartments 34a, 34b, each containing a movable piston 4a, 4b, respectively. 

The reservoir 34a contains a resin 7a, the curing of which is done by chemical reaction when it is 
mixed with a reactive component (hardener or catalyzer) 7b contained in the reservoir 34b. 

5 The channel 60 connecting the pump 5 to the reservoir 3 has a bifurcation, the branches 60a, 60b 

of which are associated with the pistons 4a, 4b, respectively; the outlet channels 32a, 32b of each 
reservoir join to form the outlet channel 32 that connects to the above-mentioned channel 14. 

Thus, when the pistons 4a and 4b are moved upward under the effect of the liquid coming from 
the valve 61 or the pump 5, they simultaneously force the resin and the hardener, the mixture of these two 
1 0 components being distributed in the layer 1 1 in order to impregnate the filament reinforcement. 

The hardening therefore occurs after injection of these two components. The reaction can be 
activated by supplying heat furnished by the installation tool, or simply by the temperature of the well. 

By contrast, as long as the two components are isolated in their respective compartments, there is 
no risk of mutual reaction and consequently no problem related to the aging of the resin or the storage of 
15 the reservoir. 

It would not be going beyond the scope of the invention to provide a device equipped with a 
pump that could be used both to inflate the preform and to inject the resin. 

Moreover, it would be possible to attach the reservoir to the proximal end, that is, to the upper 
part of the preform, and not to its distal end. 

20 Finally, for a heat-setting resin, it is not always necessary that the device have heating means; in 

some cases the temperature of the well itself is sufficient for polymerization to occur. 
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CLAIMS 

1. Method of casing a well or conduit (C) by means of a flexible sleeve-shaped preform that is 
radially expandable and/or unfoldable, by inflation under the effect of an internal pressure (P), the wall of 
which has a filament reinforcement (11) embedded in a fluid resin (7) that can be cured in situ by 

5 polymerization, characterized by the fact that this resin (7) is also injected in situ , after the preform has 
been positioned inside the well or conduit (C). 

2. Method according to claim 1, characterized by the fact that the resin is injected after inflation 
and/or unfolding of the preform. 

3. Device for casing a well or conduit (C) by means of a flexible sleeve-shaped preform that is 
10 radially expandable, inflatable under the effect of an internal pressure (P), the wall of which has a 

filament reinforcement (11), characterized by the fact that it has at least one reservoir (3) containing a 
fluid resin (7) curable by polymerization, means (32; 14) being provided that enable this resin (7) to be 
injected in situ into said wall in order to impregnate the filament reinforcement (7) [sic: (1 1)]. 

4. Device according to claim 3, characterized by the fact that said means of injecting the resin (7) 
1 5 include an extruder piston (4). 

5. Device according to either of claims 3 or 4, characterized by the fact that said means of 
injecting the resin include a pump (5). 

6. Device according to any of claims 3 to 5, characterized by the fact that it has an extractable 
expansion tool (10) around which the preform is attached. 

20 7. Device according to any of claims 3 to 6, characterized by the fact that the filament 

reinforcement (1 1) is composed of textile or metallic fibers. 

8. Device according to claims 4 and 5 taken in combination, characterized by the fact that said 
pump (5) is suitable for withdrawing the ambient liquid in the well or conduit and for operating said 
piston (4), via a duct (60) that is fitted with a non-return valve (61). 

25 9. Device according to any of claims 3 to 8, characterized by the fact that said resin is heat- 

setting. 

10. Device according to any of claims 3 to 8, characterized by the fact that said reservoir (3) has 
two compartments (34a, 34b) containing, respectively, a resin (7a) that is curable by chemical reaction 
and a hardener or catalyst (7b) 

30 
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to which this resin reacts, means (5; 4a; 4b; 32a, 32b; 32; 14) enabling the simultaneous injection of these 
two components into the wall of the preform. 

11. Device according to any of claims 3 to 8, characterized by the fact that the reservoir (3) is 
independent of the preform and its inflation system, connection means (31, 10C, 16) making possible 

5 their mutual assembly prior to insertion into the well or conduit (C). 

12. Device according to any of claims 3 to 8, characterized by the fact that it is provided with at 
least one valve (320) through which the resin is injected. 

13. Device according to claims 6 and 1 1 taken in combination, characterized by the fact that said 
reservoir (3) is attached to said extractable expansion tool (10). 

10 14: Device according to claim 12, characterized by the fact that said reservoir (3) has a generally 

tubular shape and is coaxially attached to one end of the expansion tool (10). 



[see original for figures] 
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